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repressors	in	one	daughter,	 ଵܰ,	is	ߪଶ ൌ tܰot/4.	However,	the	variance	can	also	be	written,	
	 ߪଶ ൌ 〈ሺ ଵܰ െ 〈 ଵܰ〉ሻଶ〉,	 (S5)
	 ൌ ൽ൬ ଵܰ െ ଶܰ2 ൰
ଶ
ඁ, 	 (S6)
using	〈 ଵܰ〉 ൌ ሺ ଵܰ ൅ ଶܰሻ/2.	By	combining	these	two	expressions	for	the	variance,	we	arrive	at	the	
final	expression	relating	the	total	number	of	repressors	in	the	daughters	to	the	difference	in	that	
number,	









ඁ ൌ ܫଵ ൅ ܫଶߙ ,	 (S8)	
	 																				 1ߙଶ ۦሺܫଵ െ ܫଶሻ
ଶۧ ൌ ܫଵ ൅ ܫଶߙ ,	 (S9)	
	 				 																									 ⇒ ඥۦሺܫଵ െ ܫଶሻଶۧ ൌ ඥߙሺܫଵ ൅ ܫଶሻ.	 (S10)
This	gives	us	the	relationship	between	the	fluctuations	in	the	difference	between	the	intensities	of	
two	daughter	cells	and	the	total	intensity	present	between	the	two	daughters,	ܫtot ൌ ܫଵ ൅ ܫଶ.	We	can	
determine	the	unknown	calibration	factor	α	by	taking	time‐lapse	movies	of	dividing	bacteria,	tracing	
lineages	to	determine	which	pairs	of	daughter	cells	came	from	which	mother	cells,	and	for	each	set	







































































































	 ݀ܲ݀ݐ ൌ ݎ݌bound െ ߛܲ,	 (S11)
where	r	is	the	rate	of	production,	݌bound	is	the	probability	that	the	promoter	is	occupied	by	RNA	
polymerase	and	γ	is	the	degradation	rate.	In	steady‐state,	we	find	
	 ܲ ൌ ݎ݌boundߛ ,	 (S12)
which	implies	that	the	fold‐change	in	steady‐state	experiments	can	be	written	as	
	 fold‐change ൌ ܲሺܴ ് 0ሻܲሺܴ ൌ 0ሻ ൌ
݌boundሺܴ ് 0ሻ










݀ݐ ሺܴ ് 0ሻ
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approximation	ܴ!/ሺܴ െ ܰሻ! ൎ ܴே	is	valid,	these	equations	immediately	simplify	to	
	 fold‐change ൌ
1














	 ܼ ൌ ෍ ෍ ܴ!
NܰS








with	ܼ௜c ൌ ቀ cܰ݅ ቁ expሺെߚ݅Δ߳cሻ	and	ܼ௜




respectively,	and	finally	݌ ൌ ሺ݊P NܰS⁄ ሻexp൫െΔ߳p/݇Bܶ൯	where	݊P	is	the	number	of	RNA	polymerase,	
and	Δ߳p	is	the	energy	of	polymerase	binding	to	the	promoter.	The	fold	change	is	then,	
	 fold‐change ൌ ߲௣lnሺܼሻ߲௣lnሺܼோୀ଴ሻ.	 (S17)
For	our	particular	experiments,	the	integrated	copy	begins	at	a	single	copy	and	doubles	over	the	
course	of	the	cell	cycle.	Figure	S4	shows	the	predicted	fold	change	for	an	integrated	O1	promoter	


























expressionሺܴ ൌ 0ሻ ,	 (S20)
which	can	be	rewritten	as	












〈n〉expressionሺܴ ൌ 0,ܰ ൌ 1ሻ,	 (S22)
by	breaking	up	the	above	sum	term	by	term	we	see	the	same	equivalence,	expressionሺܴ ൌ 0,ܰ ൌ
݊ሻ ൌ ݊ ൈ expressionሺܴ ൌ 0,ܰ ൌ 1ሻ,	allows	us	to	arrive	at	equation	8	from	the	main	text,	














Δ߳തതത, Δ߳cതതതത, ഥܰ, cܰതതത.	For	instance,	calculating	the	error	bars	for	Figure	5A	where	the	uncertainty	in	
Δ߳, Δ߳c	and	N	are	all	included,	the	calculation	goes	as	follows,	
	
fold‐changeሺܴ, Δ߳, Δ߳c, cܰሻ ൎ ሺΔ߳ െ Δ߳തതതሻ ߲߲Δ߳തതത fold‐changeሺܴ, Δ߳തതത, Δ߳cതതതതሻ	
൅	ሺΔ߳c െ Δ߳cതതതതሻ ߲߲Δ߳തതതc 	fold‐changeሺܴ, Δ߳
തതത, Δ߳cതതതതሻ	
൅ ሺ cܰ െ cܰതതതሻ ߲߲ cܰതതത fold‐changeሺܴ, Δ߳




ܸሾfold‐changeሺܴ, Δ߳, Δ߳c, cܰሻሿ ൎ ܸሾΔ߳ሿ ൭ ߲߲Δ߳തതത fold‐changeሺܴ, Δ߳തതത, Δ߳cതതതതሻ൱
ଶ
	




൅ ܸሾ cܰሿ ൭ ߲߲ cܰതതത fold‐changeሺܴ, Δ߳
തതത, Δ߳c,തതതതത cܰതതതሻ൱
ଶ
,	 (S25)
	
were	we	used	the	additional	assumption	of	no	correlation	between	any	of	the	expanded	parameters.	
The	derivatives	in	equation	S25	can	be	computed	either	numerically	or	analytically	using	standard	
mathematical	software.	To	be	explicit,	here	we	list	the	relevant	figures	and	which	parameters	
contribute	to	the	uncertainty.	Figure	3	has	uncertainty	stemming	only	from	uncertainty	in	the	
binding	energy	Δ߳.	Figure	4A	has	uncertainty	from	both	Δ߳	and	the	copy	number	of	the	reporter	
plasmid	N	while	in	part	B	of	that	figure,	we	use	only	the	error	from	Δ߳.	Figure	5A	has	uncertainty	
contributions	from	Δ߳,	as	well	as	the	binding	strength	and	number	of	competitor	plasmids,	Δ߳c	and	
cܰ.	In	Figure	5B,	the	distribution	is	initially	fit	to	the	Oid	data	and	thus	the	only	uncertainty	shown	
there	is	due	to	Δ߳	and	Δ߳c.	
The	copy	number	of	multiple	chromosomal	integrations	strain	
The	genetic	location	(and	position	on	the	chromosome	in	minutes;	where	1	minute	ൌ	1/100th	of	
the	E.	coli	chromosome	and	oriC	is	located	at	minute	85)	of	each	specific	integration	is:	intS	(53	
minutes),	yffO	(55	minutes),	intB	(97	minutes),	intE	(26	minutes),	and	essQ	(35	minutes).	There	is	
some	uncertainty	in	the	number	of	copies	of	these	genes	at	any	given	time	in	the	cell	cycle.	We	chose	
to	make	measurements	at	the	end	of	the	cell	cycle	because	we	know	that	there	are	two	completed	
copies	of	the	genome	at	that	point	in	time	(Bremer	and	Dennis,	1996).	However,	the	gene	copy	at	
essQ	is	directly	opposite	of	the	origin	of	replication,	oriC,	on	the	chromosome	(50	minutes	away)	and	
	
	
is	one	of	the	last	parts	of	the	chromosome	to	be	replicated	during	a	round	of	replication.	Therefore,	
although	all	of	our	measurements	take	place	in	the	D	period	when	the	first	round	of	chromosomal	
replication	should	be	complete,	fluorescent	protein	maturation	times	may	make	it	such	that	the	
extra	copy	of	essQ	is	not	fully	measurable	yet.	A	second	source	of	uncertainty	comes	from	the	fact	
that	at	65	minutes	division	time,	we	expect	that	the	next	round	of	chromosome	replication	to	have	
already	begun	by	the	end	of	the	cell	cycle.	intB	is	a	mere	12	minutes	(or	600	kbp)	away	from	oriC,	
the	origin	of	chromosomal	replication.	Therefore	it	is	possible	that	there	are	already	4	copies	of	the	
intB	integration	when	we	make	our	measurements.	As	a	result,	we	estimate	the	range	of	
chromosomal	construct	copy	number	during	our	measurements	to	be	between	9	and	12	with	10	
being	most	probable.	As	such,	we	expect	that	there	is	some	cell‐to‐cell	variation	in	copy	number	
within	our	measurement.	However	this	small,	tight	range	would	not	cause	a	major	correction	to	the	
predictions	of	the	thermodynamic	model.	Figure	S5	shows	the	difference	in	theoretical	predictions	
between	assuming	exactly	10	copies	(red	line,	as	is	reported	in	Figure	4B)	and	allowing	a	normal	
distribution	centered	on	10.5	copies	with	a	standard	deviation	of	1.5	copies	(black	line).	While	the	
model	of	chromosome	copy	number	as	a	normal	distribution	is	not	correct	in	detail,	we	intend	to	
show	an	upper	limit	on	the	effect	of	copy	number	distribution	on	our	predictions.	
Constructs	and	strains	
The	base	strain	through	this	work	is	HG105,	which	is	MG1655	with	a	lacIZYA	deletion	(Garcia	
and	Phillips,	2011).	A	constitutive	CFP	marker	has	been	integrated	at	the	gspI	chromosomal	location	
(Posfai	et	al.,	2006).	The	marker	is	expressed	from	a	lacUV5	promoter	with	no	Lac	repressor	binding	
site.	In	addition,	every	strain	contains	a	low	copy	number	plasmid	which	expresses	TetR	pZS3PN25‐
tetR.	This	is	a	plasmid	with	a	SC101	origin	and	a	PN25	promoter	controlling	the	TetR	gene	and	was	
obtained	by	PCR	from	the	chromosome	of	DH5αZ1	(Lutz	and	Bujard,	1997).	Specific	details	of	the	
construction	of	the	individual	strains	used	in	each	part	of	the	experiment	are	now	listed	below:	
	
Single	copy	chromosomal	integration:	This	originates	from	plasmid	pZS25O1+11‐YFP	(map	
shown	in	Figure	S6).	From	this	plasmid,	we	have	produced,	by	site	directed	mutagenesis	the	same	
plasmid	with	the	Oid,	O2	and	O3	repressor	binding	sites	in	place	of	O1	(sequences	listed	in	table	S6)	
(Garcia	and	Phillips,	2011).	These	constructs	consisting	of	the	terminators,	resistance	marker	and	
EYFP	gene	are	integrated	into	the	chromosomal	location	of	galK	using	recombineering	(Sharan	et	
al.,	2009;	Garcia	and	Phillips,	2011)	with	primers	listed	in	Table	S1.	
	
High	copy	number	plasmids:	The	SC101	origin	of	plasmids	pZS25O1+11‐YFP	was	removed	by	
digestion	with	SacI	and	AvrII	and	ligated	to	a	ColE1∆rom	origin	to	make	pZE25O1+11‐YFP	(Lutz	and	
Bujard,	1997).	This	procedure	was	repeated	for	plasmids	with	the	binding	sites	Oid,	O2	and	O3.	To	
create	the	ColE1	origin,	we	have	added	the	Rom	protein	near	the	origin	of	the	pZE25O1+11‐YFP	
plasmid	to	make	pRE25O1+11‐YFP.	This	is	achieved	by	PCR	of	the	Rom	protein	from	plasmid	
pBR322	followed	by	Gibson	assembly	with	plasmid	pZE25O1+11‐YFP	to	make	our	ColE1	plasmid.	
	
Multiple	chromosomal	integrations:	The	plasmids	pZS2∗5Oid+11‐YFP,	pZS3∗5Oid+11‐YFP	and	
pZS4∗5Oid+11‐YFP	contain	resistance	gene	for	kanamycin,	chloramphenicol	and	spectinomycin,	
respectively.	These	resistance	genes	are	flanked	by	FLP	recombinase	sites.	The	kanamycin	and	
chloramphenicol	cassettes	were	obtained	by	PCR	from	plasmids	pKD4	and	pKD3,	respectively	
(Datsenko	and	Wanner,	2000)	and	places	between	the	SacI	and	AatII	sites	of	pZS25Oid+11‐YFP.	FLP	
	
	
recombinase	sites	were	placed	flanking	the	spectinomycin	resistance	gene	in	pZS4∗5Oid+11‐YFP	by	
site	directed	mutagenesis	on	pZS45Oid+11‐YFP	using	primers	15.15	and	15.16	(table	S1).	These	
constructs	were	integrated	into	the	chromosomal	locations	of	genes	intS,	yffO,	intB,	intE,	and	essQ	
(Posfai	et	al.,	2006;	Kuhlman	and	Cox,	2012)	using	recombineering	(Sharan	et	al.,	2009).	The	oligos	
used	to	amplify	the	pZS	plasmid	to	integrate	constructs	at	every	chromosomal	location	are	listed	in	
table	S1.	All	resistances	are	then	flipped	out	by	FLP	recombinase	transiently	expressed	from	
plasmid	pCP20	(Datsenko	and	Wanner,	2000).	
	
Competitor	plasmids:	These	plasmids	are	made	from	the	pZE25O1+11‐YFP	plasmid	digested	with	
AatII	and	XbaI.	An	insert	containing	Oid,	O1,or	O2	flanked	with	sticky	ends	for	the	same	restriction	
sites	restriction	sites	(sequence	of	inserts	listed	in	Table	S1)	are	ordered	as	annealed	double	
stranded	oligos	(Integrated	DNA	Technologies)	and	then	ligated	into	the	pZE	vector.	The	result	is	a	
plasmid	with	the	ColE1∆rom	origin	of	replication,	a	resistance	marker	and	a	LacI	binding	site	
without	an	active	YFP	gene	or	promoter.	
	
Constitutive	marker:	The	cerulean	(CFP	in	this	work)	gene	was	obtained	from	(Dunlop	et	al.,	
2007),	amplified	using	primers	15.14	and	15.14R	(table	S1),	and	ligated	between	the	KpnI	and	
HindIII	sties	sites	of	pZS4∗5O1+11‐YFP	to	create	pZS4∗5O1+11‐CFP.	The	O1	binding	site	was	deleted	
using	mutagenesis	primer	21.3	(table	S1)	(Oehler	et	al.,	1994)	in	order	to	create	pZS4∗5NoO1‐CFP.	
This	construct	was	integrated	into	the	gspI	locus.	
	
TetR	plasmid:	The	tetR	gene	controlled	by	the	PN25	promoter	was	amplified	from	the	genome	of	
DH5αZ1	(Lutz	and	Bujard,	1997)	using	primers	13.6	and	13.7v2	(table	S1).	The	PCR	product	was	
digested	between	the	XhoI	and	HindIII	of	pZS3∗1‐LacI	to	create	pZS3PN25‐tetR.	
	
LacI‐mCherry	fusion:	A	construct	bearing	mCherry	was	obtained	from	(Eldar	et	al.,	2009)	and	
amplified	using	primers	13.12	and	13.13	(table	S1).	The	lacI	gene	was	amplified	from	pZS3∗1‐LacI	
(Garcia	and	Phillips,	2011)	using	primers	13.28	and	13.30.	Both	of	these	PCR	products	were	
combined	and	amplified	once	again	using	primers	13.28	and	13.13	(table	S1).	The	resulting	LacI‐
mCherry	PCR	product	has	a	KpnI	site	on	its	5’	end	and	a	HindIII	site	on	its	3’	end.	This	repressor	
cannot	tetramerize	due	to	the	deletion	of	the	last	11	amino	acids	of	its	sequence.	The	fusion	was	
ligated	between	the	KpnI	and	HindIII	sites	of	pZS3∗1‐LacI	to	create	pZS3∗1‐LacI‐mCherry.	Finally	
this	construct	was	integrated	into	the	chromosome	at	the	ybcN	chromosomal	location	with	the	ybcN	
primers	listed	below.	
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